Fairy shrimps (Anostraca) live in temporary waters. Dominant among their predators are aquatic insects, especially diving beetles (Dytiscidae). Mastication of the eggs of the fairy shrimp Branchipus schaefferi and their passage through the digestive tract of smaller beetles, like Ilybius fenestratus, has a positive effect on hatching afterwards. Dytiscidae could be important vectors for aerial dispersal of diaspores among ponds which are not directly connected to a stream channel. Such long-distance dispersal can be of critical importance for population survival and gene flow among communities living in temporary habitats.
INTRODUCTION
Pond communities face pressures similar to terrestrial organisms on islands. The effect of the distance between ponds on colonization, and the impact of habitat isolation on pond populations results in nested landscape mosaics at different scales (Nathan, 2006; Bilton et al., 2001; Wood et al., 2003) . We observed such patterns of genetic isolation for the fairy shrimp Branchipus schaefferi Fisher, 1834 (Beladjal et al., 2007b) , implying that standard longdistance dispersal vectors like birds are unimportant (Proctor et al., 1967) . Genetic exchanges from pond to pond within a region need a novel explanatory power, deviating from the mean trend of dispersal. We found that viable dormant stages of aquatic animals could be transported from an ephemeral pool to another in the digestive system of migrating insects.
Temporary water bodies have usually little overlap in species composition with perennial ponds (Collinson et al., 1995) . Water beetles (particularly Dytiscidae and Hydrophilidae), and water bugs (Hemiptera) dominate these communities, up to 56% and 12% respectively (Nicolet et al., 2004) . They are the top predators in pools without fish and with periods of submersion sufficiently short to preclude the dominance by odonates (Larson, 1990) . The adults are generally mobile, leaving the pond before it dries out. They are frequently the early colonists after inundation (Fairchild et al., 2000 , Schäfer et al., 2006 . Little is known about the dispersal ranges of dytiscids, but good dispersers can probably cover distances at least up to 3000 m (Schäfer et al., 2006) . Colymbetes fuscus (Linnaeus, 1758), Dytiscus marginalis (Linnaeus, 1758), and Ilybius fenestratus (Fabricius, 1781) are known to fly frequently. D. marginalis flies from over-wintering ponds into temporary ponds in the spring, moving back in the summer as the temporary waters dry up (Davy-Bowker, 2002) .
Fairy shrimps are typical components of the communities of temporary waters (Beladjal et al., 2003) , having eggs capable of withstanding dessication (Mertens et al., 2008) . As with other diaspores, anostracan eggs are dispersed by wind, water, and animals. Among the animals are records of birds (Proctor et al., 1967) , amphibians (Bohonak and Whiteman, 1999) , and even migrating fish (Beladjal et al., 2007a) . Dispersal is mostly attributed to abiotic events, like wind (Brendonck and Riddoch, 1999) or downstream transport by water flow (Beladjal and Mertens, 2003) , by exozoochory of mammals (Thiéry, 1991) or by endozoochory of waterfowl (Meglécz and Thiéry, 2005) .
Dispersal of anostracans by insects has not been documented previously. With the exception of diseasecarrying species of mosquitoes, there are even surprisingly few studies on zoochory by insects (Bohonak and Roderick, 2001 ). Carnivorious insects, both larvae and adults, are typically the primary anostracan predators (personal observations) especially when salinity increases (Pinder et al., 2005) , with the most prominent being hemipterans and dysticid beetles. These insects are capable to leave the water, flying long distances, bridging the gap between temporary ponds. That viable disseminules may pass through the digestive tract of the insects is in itself of limited significance. One needs to know the periods of time that the eggs can be retained. This is another way of asking the maximum distance that fairy shrimps can be carried (Proctor et al., 1967) . Mostly flying insects emigrate from the moment the environmental conditions deviate from the optimum. Apart from desiccation, shortage of food supply is a major factor triggering the migration of an adult insect.
Hemipterans have modified mouthparts used to suck the bodily fluids from prey items, but dystiscid beetles masticate the prey, swallowing whole portions. Branchipus schaefferi Fisher, 1834 is the most abundant Western Palearctic fairy shrimp inhabiting freshwater ephemeral pools (Brtek and Thièry, 1995) and easy to rear in our lab (Beladjal et al., 2003) . C. fuscus, D. marginalis and I. fenestratus are common carnivorous beetles associated with isolated water bodies and may therefore be of considerable importance in dispersal. We hypothesize that viable fairy shrimp eggs could be transported between ephemeral pool in a dystiscid beetle alimentary canal, provided that the eggs were not damaged by the mandibles or digested. Once released with the feces, they are the propagule for colonizing a new habitat, or adding to a local gene pool.
MATERIAL AND METHODS
Eggs of Branchipus schaefferi were collected from a temporary pool in Morocco (Ouled Aziz, 308419N; 88269W) and a laboratory culture was establish following Beladjal et al. (2003) .
Dytiscids were gathered in a pond (Schellebelle, Belgium, 518019N, 38569E), using activity traps (Beladjal et al., 1992) , plastic PET (PolyEthylene Terephthalate) bottles of a 5 litres volume; the top cut-off, and inverted in order to use it as a funnel, as shown in Figure. 1. The traps were placed horizontally on the substrate of the water pool, leaving a tip open to air for respiration facilities of the aquatic insects (mostly water bugs and beetles). They were emptied after 24 hr periods. The three most abundant beetle species were collected for the experiments: Ilybius fenestratus (10.5-11.5 mm), Colymbetes fuscus (16.0-17.0 mm), Dytiscus marginalis (27.0-35.0 mm).
A single beetle was housed in a PET bottle (1.5l volume) filled with one liter tap water and supplied with some wooden sticks as resting posts. The bottle was closed with a perforated lid in order to prevent the beetle from escaping. Eight specimens of each species were tested in a 5 days experiment (days 0-4) for four replicates. Every morning an ovigerous fairy shrimp was fed to each beetle (day 0). The bottles were checked regularly (once an hour). At the end of the day (10 hours) any surviving shrimps were returned to the stock culture. When the shrimp was eaten, the beetle was removed to a new bottle as its final accommodation. The bottle was cleaned daily using a 100 lm sieve in order to collect the eggs in the faecal pellets. The eggs were counted under a stereomicroscope (Wild M5) and air dried. A few days later they were artificially hatched in distilled water (Beladjal et al., 2003) . The hatching was monitored daily (nauplii counted and removed).
As a control, eggs deposited by a female under the same conditions, but in absence of a beetle, were handled in the same way as those in the experiments.
RESULTS
Eggs hatched after passing through the digestive tract of all the water beetles investigated (Table 1 ). The passage time differs between the species, being 1 day for Dytiscus marginalis, 3 days for Ilibius fenestratus, and even 4 days for Colymbetes fuscus. A significantly higher hatching percentage is found for I. fenestratus, compared to the control (proportionally 1.58). In the control experiment, 12.4% of the eggs hatched.
Eggs are lost during mastication. Mastication damage resulted in no eggs hatching from D. marginalis experiments (Table 2) . Egg mastication by the smaller species however, I. fenestratus and C. fuscus, has a significant positive effect on the hatching compared to the control (1.32 and 1.83). In I. fenestratus the digistive effect stimulated hatching to 1.58 versus 0.23 in C. fenestratus (0.23). More eggs were dropped by D. marginalis, while most eggs were consumed by C. fuscus (Table 3 ).
DISCUSSION
We observed that aquatic carnivorous insects could be vectors for temporary pool crustacean dispersal. Dytiscids are important vagile, components of isolated ephemeral pools, moving from pool to pool as resources change, defecating the eggs of crustaceans and possibly other species as well in new habitats. During sampling campaigns we observed numerous carnivorous insects surfacing for air. In clear water pools and in turbid waters, where the visibility for shrimp observation was almost zero, they were good Fig. 1 . Activity trap. A plastic PET bottle (5 liters volume), the top cut-off (Fig. 1A) , and inverted in order to use it as a funnel in the plastic bottle (Fig. 1B) . Table 1 . Number of eggs C in fecal pellets (days 1-4) after consumption of one fairy shrimp (at day 0) by a beetle; Dytiscus marginalis, Ilibius fenestratus, and Colymbetes fuscus. N: nauplii hatched from these eggs. Last column presents (*) %hatching, and (**) hatching relative to the control (%hatching/%hatching control). indicator for the presence of fairy shrimps (B. schaefferi and Streptocephalus torvicornis (Waga, 1942) ). Dytiscids of less permanent habitats disperse over greater distances, resulting in larger range sizes (Ribera and Vogler, 2000) . Accordingly, most dytiscid species in temporary habitats have good flight abilities, in contrast to dytiscids of permanent habitats (Schäfer et al., 2006) . Dytiscids are reported to disperse over distances of several kilometers, allowing them to use highly fragmented resources (Lundkvist et al., 2002) . In studying the ecology and evolution of processes such as this long-distance dispersal, attention is usually focused on prevailing conditions, assuming that rare events are unimportant. Yet frequency and importance are not necessarily positively correlated. Rare long-distance dispersal can be disproportionately important (Nathan, 2006) . The unidirectional movement of an individual away from its origin is a widespread phenomenon among organisms, and of critical importance for the gene flow among communities (Beladjal et al., 2007b) .
